After characterization of the porin OmpF and selection of molecular structures responsible for leukocyte activation by using computer-assisted epitope analysis, the analogs OmpF (153-174) (containing amino acids 153 to 174), , and were synthesized and tested. Like the native protein, the segments were mitogenic for BALB/c splenocytes and induced B lymphocyte differentiation into antibodyproducing plasma cells and tumor cytotoxicity of macrophages against the fibroblast cell line L929. We thus demonstrated that defined peptide segments are responsible for the leukocyte-activating properties of a major bacterial surface protein.
Various surface compounds of gram-negative bacteria constitute mitogens and polyclonal activators for murine B lymphocytes. This was shown previously for lipopolysaccharide (1), bacterial lipoprotein (2, 18) , and porins extracted from Escherichia coli (4) and Salmonella typhimurium (25) (26) (27) . For several leukocyte-activating bacterial cell wall components, the molecular structures responsible for biological activity have been determined and prepared by chemical synthesis. For bacterial lipoprotein, we have synthesized the N-terminal lipopeptide Pam3Cys-Ser-Ser-AsnAla (28) and shown it to be responsible for the B lymphocyte-activating properties (3), as well as for the adjuvanticity (5, 15, 17) and macrophage-stimulating effects (11, 12) of the native molecule. Also, the part of lipopolysaccharide responsible for most of its biological activity, lipid A, has been synthesized in a biologically active form (8) , and synthetic muramyl dipeptides derived from bacterial murein constitute potent macrophage activators (24) .
Porins play an important role in the molecular sieving system of the outer membrane of Enterobacteriaceae (20) . They act as receptors for bacteriophages, and as trimers, they form diffusion channels for hydrophilic substrates (21, 23) . In an attempt to elucidate the structures responsible for the lymphocyte-activating effects of the porin OmpF from E. coli, we prepared a cyanogen bromide fragment of 24 kilodaltons (kDa) (26, 27) , and a protease digest of the porin containing peptides of 8 kilodaltons or less (26) . These compounds were able to activate B lymphocyte proliferation and immunoglobulin secretion. On the basis of these findings and with the amino acid sequence of OmpF (20), we used computer-assisted epitope analysis to determine the parts of the membrane protein exposed on the surface and thus accessible for lymphocytes. Three of the predicted sequences were chosen for peptide synthesis, and the synthetic oligopeptide derivatives prepared were tested for biological activity. The peptides were able to stimulate the proliferation of murine B lymphocytes and their differentiation into immunoglobulin-secreting cells and, on a smaller scale, to induce tumor cytotoxocity of murine bone marrowderived macrophages.
Protein purification, epitope analysis, and peptide synthesis. (17); antigenicity (ANTIGEN.) is calculated from parameters expressing a comparison of the amino acid composition of known sequential epitopes and that of the whole sequence of various membrane-associated proteins (unpublished); acrophilicity (ACROPHIL.) predicts the surface probability pattern (13) ; hydropathy (HYDROPATH.) predicts the hydrophobic pattern (7); hydrophilicity (HYDROPHIL.) predicts the hydrophilic pattern (14) ; and COIL, TURN, 1-SHEET and a-HELIX predict the secondary structure (9).
Harbor, Maine) mice were sacrificed by cervical dislocation, and spleen cells were prepared as described previously (25 Tumor necrosis factor secretion was determined by a cytolysis assay of the fibroblast cell line L929, as previously described (12) .
In order to define more closely the regions responsible for the mitogenic properties of OmpF, we predicted surfaceexposed areas of the molecule by using computer-assisted epitope analysis (Fig. 1) on the basis of the amino acid sequence of OmpF determined by Mizuno et al. (20) . We used the program EPICON 89, combining the predictions obtained from the analysis of the parameters of hydrophilicity (14) , hydropathy (6), acrophilicity (13) , and flexibility (16) together with conformational predictions (10). Antigenicity was calculated by using parameters expressing a comparison of the amino acid composition of known sequential epitopes and that of the whole sequence of various membraneassociated proteins (F. Gombert et al., unpublished data). The possibility of finding suitable epitopes was further enhanced by using different parameters for globular and membrane proteins (10; Gombert et al., unpublished data). A particular weighting of the single predictions was introduced, which resulted in the Fazit plot (Fig. 1) demonstrating the most probable antigenic sites. We selected and synthesized three peptide segments corresponding to two regions of the molecule. The peptides were OmpF (153-174) and OmpF (157-174), the latter being a peptide lacking the four hydrophobic amino acids on the amino end of the peptide OmpF (153-174), and OmpF (275-285). (4, 27) .
In these experiments, the synthetic oligopeptides were investigated for their biological effects on murine splenocytes. Figure 3 shows (Fig.  5) .
Also, OmpF (275-285) was able to induce immunoglobulin M secretion comparable to the plaque assay data with the same optimum concentration. In all assays performed, the peptides differed in their efficiencies of stimulation. The most efficient substance proved to be peptide OmpF (153-174), which was superior to peptide OmpF (157-174), which lacked four N-terminal hydrophobic amino acids. This could be due to the fact that the more hydrophobic segment OmpF (153-174) was better able to interact with the B-cell membrane. The segment OmpF (275-285), being more hydrophilic than the peptides described above, exhibited reduced activity. Comparing these data with those described in Fig. 2 , OmpF protein turned out to be considerably more active than the synthetic peptide segments. These findings may be explained by the contribution to mitogenicity by secondary folding structures of the native protein (23) , by the presence of multiple biologically active segments on the native molecule, or by inaccurate selection of the peptide segments to be synthesized. The requirement of higher molar amounts of a synthetic partial sequence, compared with its native protein, to obtain comparable biological effects, is also reported for other peptides (e.g., for an interleukin-lp peptide with adjuvant activity [22] ).
In addition to B-cell activation, preliminary experiments indicate that protein I as well as the selected segments (153-174) and (157-174) are also macrophage activators. We measured the protein-and peptide-induced tumor cytotoxicity of bone marrow-derived macrophages against the L929 fibroblast and the P815 mastocytoma cell line in a [3H] thymidine release assay. With BALB/c macrophages as effector cells against L929 (Fig. 6) , the porin OmpF as well as the segments 153-174 and 157-174 enhanced cytolytic activity of macrophages in a dose-dependent manner. At a concentration of 10.8 nmol/ml, almost 70% tumor cell lysis was found for the porin OmpF, whereas its segments led to a threefold increase in cytotoxicity compared with control macrophages. In order to exclude effects of lipopolysaccharide in the system, C3H/HeJ macrophages were used as effector cells. Comparable results were obtained with OmpF, leading to approximately 65% lysis of L929 cells at a stimulator concentration of 10.8 nmol/ml (Fig. 7) . The segment 153-174 showed a twofold increase in cytotoxicity at the highest doses tested. In both assays, the macrophages stimulated with OmpF or the segments showed only marginal capability to lyse the tumor necrosis factor-insensitive cell line P815 (data not shown). To further elucidate the role of soluble factors in this system, we also looked for cytotoxic activity in the supernatants of macrophages activated with OmpF (10.8 nmollml) for 2 h. Preliminary results of cytolysis assays on L929 indicate that the macrophages released a cytotoxic factor (64 U/ml) into the supernatant which is likely to be tumor necrosis factor, since the activity could be totally abolished by a 1:400 dilution of a specific anti-murine tumor necrosis factor a antiserum (generous gift of M.-L. Lohmann-Matthes, Hannover).
Additional studies on the macrophage-activating properties of OmpF and its segments, as well as studies on the immunoadjuvant properties of the compounds, are in progress in our laboratory.
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